The aim of this study was to analyze the effect of a cycle of three races as a part of the vaquejada test, on the serum biochemistry of horses that compete sporadically and athletic horses. Fourteen Quarter Horses was evaluated: group 1 (G1), with seven horses from the region that competed sporadically and group 2 (G2), with seven horses that competed regulary and were transported for >200 km. The physiological and serum biochemistry parameters were evaluated before exercise (M0) and after a cycle of three races of the vaquejada test: immediately after (M1); 30 min (M2) and 120 min (M3) after. Wilcoxon test was used to assess differences between the groups and Friedman test for moment effects, with a significance level of 5%. There was increase in M1 compared with M0 for heart and respiratory rate in G2, and rectal temperature in G1. The exercise transiently changed most of the biochemical parameters, with significant diferences for uric acid in M1, albumin and lactate in M2, compared with M0, in G2. The metabolic response to exercise was different between the groups for the following variables: uric acid, total protein, albumin, unsaturated iron binding capacity, and transferrin saturation index. It was concluded that physiological and biochemical changes induced by Vaquejada are light, transiente, and within the normal range. The changes were more expressive in athletic horses that compete regularly and are transported, demonstrating the need for studies that establish specific training and management protocols for this category.
INTRODUCTION
In vaquejada competitions, two cowboys, mounted on their horses, have to gallop conducing a bull between the horses and guide it, such that the horse called "helper horse" accompanies the bull during the first 100 m of the track, when the cowboy on the horse called "pull horse" promove the bull tail traction and pull the bull down, between two delimited lines (LOPES et al., 2009; SANTIAGO et al., 2014) .
Although vaquejada is popular in northeastern Brazil, the sanitary management of the animals involved and the conditions of the competition sites are quite poor (DIAS et al., 2013; LAGE et al., 2007) . This exercise is typical of high intensity and short duration, characterized by a rapid sprint and that ends with an abrupt stop and lateral movement that promotes the bull downing in specific area, demanding a lot of physical strength of the equine. Several factors affect the performance and horse behavior in the competition, such as the man-animal, animal-environment (ambient temperature, humidity, pollution) relationships, as well as the handling and transportation system. These agents are often aggressors, promoting physiological reactions in the animals (ARRUDA et al., 2015; GOMES et al., 2015; SANTIAGO et al., 2014; ) .
The vaquejada exercise is characterized as anaerobic, and lactate and glucose increase after the exercise (LOPES et al., 2009; SANTIAGO et al., 2014) . Serum uric acid is also a possible candidate for evaluation of the anaerobic response to exercise. Its increase reflects the breakdown of adenosine triphosphate (ATP), used as energy source in intense exercise (EVANS; PRIDDLE; DAVIE, 2002) , but no previous study has evaluated the concentration of uric acid in the contexto of vaquejada competition.
Muscle tissue is highly used during exercise, and muscle integrity can be assessed by the serum activity of creatine kinase (CK), aspartate amino transferase (AST), and lactate dehydrogenase (LDH) enzymes. Although the vaquejada exercise is characterized as a high intensity exercise, only in one study, by Sousa et al. (2014) , a significant increase in the muscle enzymes was observed in local equine competitors, which was attributed to increased permeability instead of muscle damage.
There are few studies characterizing the biochemical alterations in equines during vaquejada, and considering the diversity of conditions in which the competitions are carried out, more information is needed to elucidate the metabolic alterations during this exercise. Machado et al. (2014) observed an increase in the serum transferrin as a positive response to the vaquejada exercise, the increase of transferrin is important to reduce the amount of free iron, which helps avoid the formation of reactive oxygen species, thus, preventing greater tissue injury, but the authors evaluated only the horses that competed in their source place. Gomes et al. (2015) observed the effect of transport for 250 km, but only on clinical parameters, reporting the same response to exercise in local horses and transported ones. No previous study has evaluated the effect of competition regularity and long distance transport. The aim of this study was to evaluate the effect of a cycle of vaquejada exercise, on the physiological and biochemical profiles of pull horses, comparing horses that compete sporadically in their region and regularly competing horses who have been transported prior to the competition.
MATERIAL AND METHODS
The study was conducted during a vaquejada competition, in the municipality of Inhuma in the state of Piauí/Brazil. The climate of the locality is characterized as dry sub-humid (ANDRADE JÚNIOR et al., 2005) . The protocol of the project was approved by the Ethics Committee on Animal Experimentation -CCEA of UFPI (074/11). We used 14 Quarter Horses, aged 4 to 10 years and weighing 439.57 kg (measured using weigh tape for horses). All horses competed in the pull category and were evaluated during a cycle of three races of the competition. The nutritional management was not evaluated, but all the owners reported that the animals received commercial ration and mineral supplementation.
The horses were divided into two groups: group 1 (G1), comprising seven horses (three male geldings, two stallions, and two females), aged 5 to 10 years (7.4 ± 1.9 years), from the same municipality or neighboring municipalities (average distance of 79 km), which participate sporadically in vaquejadas (2 to 3 vaquejadas per year), and do not receive daily training, and group 2 (G2), comprising seven animals (four stallions, two male geldings and one female), aged 4 to 10 years (6.4 ± 2 years), from localities more than 200 km away (average distance 452 km), which compete regularly (1 to 4 events per month during the competition period) and undergo training, although the owners do not refer to a specific protocol.
For evaluating the effect of a race cycle of the vaquejada competition, data collection of physiological parameters and blood samples for laboratory analysis were performed at the following moments: before exercise (M0), immediately after (M1), 30 min (M2), and 120 min (M3) after the three-race cycle. The temperature and relative humidity of the air were measured using a digital hygrometer, and registered along with the evaluations (Termo-Higrômetro AAKER®, AAKER LTDA, São Paulo, Brasil).
Heart rate (HR) was measured using a clinical stethoscope, positioned on the left side of the chest, and respiratory rate (RF) was verified by the observation of the movements of the costal gradil, both evaluated for 60 s. For rectal temperature measurement (TR), a clinical thermometer was used. Blood samples were obtained by puncturing the jugular vein, with a gauge needle 25 x 8 mm and using a cacuum adapter for collecting the blood into tubes (Vacutainer® -Becton Dickinson-BD, Franklin Lakes, USA). In tubes containing 8 mL of the coagulation activator, 4 mL tubes with sodium heparin and 4 mLblood into tubes containing EDTA + sodium fluoride. Samples were centrifuged near Vaquejada Parque immediately after clot retraction, and the collected serum and plasma were immediately frozen at -18 °C and then stored in an ultra-freezer (-80 °C) until analysis.
Biochemical analyses were performed on a semiautomatic biochemical analyzer (Doles D-250, Doles Reag. Equip. para laboratórios LTDA, Goiânia, Brasil), with the exception of the examinations related to the evaluation of iron metabolismo, which were carried out in a spectrophotometer (Espectrofotômetro digital SP22 -Bioespectro, Curitiba, Brasil). All assays were performed with commercial kits (Labtest® -Lagoa Santa/MG, Brasil) and universal control serum (Qualitrol 1H®, Labtest), following manufacturer's instructions.
The assays included determination of serum uric acid concentration (methodology Enzyme -Trinder), total proteins (biuret method) and albumin (Bromocresol Green method), and the enzymatic activity of creatine kinase (CK) (Ultraviolet Kinetic method) and lactate dehydrogenase (LDH) (Pyruvate-lactate method). The globulins were obtained from the subtraction of the albumin concentration from the total protein concentration value. In plasma fluoride, the glucose (GOD-Trinder kinetic method) and lactate concentrations (Enzymatic-Trinder method) were determined. In heparin plasma, we measured the magnesium concentration (Magon Sulfonado method) and aspartate aminotransferase activity (AST) (Ultraviolet Kinetic method). Serum iron concentration (μg/dL) and unsaturated iron binding capacity (UIBC) (μg/dL) were estimated by the modified Goodwin method. The total iron binding capacity (TIBC) (μg/dL) was calculated as the sum of the UIBC values and serum iron concentration. The transferrin saturation index (IST) (%) was obtained by multiplying serum iron by 100 and dividing this value by the UIBC. To obtain the transferrin concentration (TRF), the following formula was used: TRF (mg/dL) = TIBC x 0.7, following manufacturer's instructions (Labtest® -Lagoa Santa/MG, Brasil).
For the statistical analyses, free software PSPP and R were used, with a significance level of 5% in all tests. In order to assess the differences between the post-exercise moments (M1, M2, and M3) and the basal moment (M0), Friedman test, followed by Kruskal-Wallis test for multiple comparisons, was applied. The Wilcoxon-Mann Whitney test was used to evaluate the differences between the groups (G1 and G2).
RESULTS AND DISCUSSION
The physiological parameters, heart rate (HR), respiratory rate (RR), and rectal temperature (RT) (Tab. 1) increased after a cycle of three races (M1) in comparison with the basal moment (M0), and the difference was significant (p < 0.05) for HR and RR in G2 and RT in G1. There was no difference between groups. The HR in M0 was higher than expected for resting horses, however, similar values were observed for equines in vaquejada competitions in Piauí (GOMES et al., 2015) and are considered an adaptive response to the high ambient temperatures (FONSECA et al., 2014) . The increase in HR after exercise was also verified by Santiago et al. (2014) in a simulation of the vaquejada exercise, and by Gomes et al. (2015) in horses competing in vaquejada as pull horses. This increase in cardiovascular activity is associated with the high intensity of physical exercise, which results in a higher cardiac output to supply the oxygen demand of the active muscles (ALONSO et al., 2013) .
The increase in respiratory rate shortly after exercise in the present study was higher than that found by Santiago et al. (2014) in a simulation of the vaquejada exercise, and by Gomes et al. (2015) in Quarter Horses. The differences between the studies can be explained by the fact that they were performed at different locations, and the respiratory rate is a physiological parameter that varies according to temperature and relative humidity (FONSECA et al., 2014) . In addition, even though the race has standard delimitation in all competitions, the equine speed is variable.
Rectal temperature variation was similar to the values reported by Santiago et al. (2014) and Gomes et al. (2015) , who discussed that this parameter begins to decrease within average 20 to 30 min post-exercise in vaquejada, and should return to rest levels in up to 60 min.
In the present study, the return of the TR values to the resting values was more evident only at 120 min after the race in both groups, but was not evaluated at 60 min.
Regarding environmental data, high temperatures and low humidity were observed, which are characteristic of the climate where the study was carried out (ANDRADE JÚNIOR et al., 2005) and are considered as factors that can affect the performance of the animals in vaquejada tests (FONSECA et al., 2014) . The relative air humidity had a difference between the groups in M2 (p < 0.05), but the effect of this difference in the physiological parameters was very discrete, as at that time, there was no significant difference between the physiological parameters of the animals in different groups.
The exercise promoted alterations in most biochemical parameters (Table 2 and 3) , verified by the comparison of the post-exercise moments (M1, M2, and M3) with rest (M0), but the difference between moments was significant (p < 0.05) only for uric acid (M1), albumin (M2), and lactate (M2), both in G2. There were differences between groups, for glucose, uric acid, total protein, and albumin (p < 0.05).
The lactate values were higher in M0 compared with those observed by Lopes et al. (2009) , possibly due to methodological differences or lack of adequate training.
There was a light and non-significant elevation in the median lactate concentration in M2 of G2, followed by reduction in M2 (p < 0.05) in comparison with M0, with a return to baseline values 120 min post-test. Although G2 animals were regular competitors, their higher lactate values suggest inadequate conditioning to the degree of physical activity. Lopes et al. (2009) observed an increase of more than 130% in basal lactate at the end of a vaquejada competition, although they did not report the number of races that the animals performed and whether the horses participated in the pull or helper category. In a simulation of the vaquejada competition composed by a cycle of three races, Santiago et al. (2014) reported higher lactate values in pull horses at the end of the exercise, compared with those observed in the present study, but the same decline in the concentration was observed for the latter at 30 min after exercise. Piccione et al. (2010) also associated the reduction in lactate concentration with this period, which indicates a high rate of lactate removal from the blood in the first 30 min after exercise.
Plasma glucose concentration showed a light increase in M1, not significant and within the physiological limits similar to those observed by Santiago et al. (2014) after a cycle of three races. Lopes et al. (2009) observed the same behavior with elevation at the end of the competition, but with glucose levels lower than the present study since M0, which may be justified by the authors having performed serum determination instead of using fluoride plasma, the use of fluoride as glycolytic inhibitor prevents glucose consumption by red blood cells prior to plasma separation.
The metabolic effect of the vaquejada exercise on the glucose concentration was different between groups (p < 0.05), with higher glycaemia occurring in athletic horses in M1 and M3, in comparison with G1 in the same moments. The higher values in the athletic animals indicate that they probably had a greater effect of cortisol, because of the stress of displacement from their place of origin to the place of test and the effect of the exercise itself. The increase in cortisol and glucose after vaquejada competition was previously verified and attributed to exercise stress, transport, and inadequate condition of the competition sites (LOPES et al., 2009 ).
The horses of G1 had higher uric acid concentration than the athletic horses (p < 0.05) in M0. However, in G1, these values remained constant before and after the exercises, in a concentration similar to that reported by Santiago et al. (2013) for event horses in training. On the contrary, in the athletes, there was an elevation of uric acid in M1 compared with M0 (p <0.05), indicating that physical exertion during exercise was higher in this group. This is the first report of increased uric acid during the vaquejada exercise, indicating that this marker responds quickly after intense exercise.
Evans; Priddle; Davie (2002) also observed this elevation of uric acid in race horses after physical exertion and demonstrated that this occurs when lactate concentration during exercise presents values above 12 mmol/L, both biochemical parameters being correlated with anaerobic metabolism. Although, in the present study, we did not measure lactate during exercise, the increase in lactate and uric acid after exercise suggests na involvement of anaerobic metabolism during the exercise performed. The plasma magnesium concentration presented only a slight non-significant reduction at the post-exercise moments in a similar way in both groups, remaining within the reference values suggested for horses competing in vaquejadas (1.2-3.0 mg/dL) (DIAS et al., 2013) . This result differed from the findings of Santiago et al. (2014) , who reported an elevation of magnesium 4 h after the simulation of a three-race cycle; in the present study, the animals were evaluated only for 2 h.
The concentrations of muscle enzymes AST, CK, and LDH did not show significant differences between moments or between groups, showing only slight elevation in the post-exercise moments, similar to the results of Lopes et al. (2009) for CK and those of Santiago et al. (2014) for AST and CK in vaquejada horses. The LDH results were similar to the baseline values reported by Sousa et al. (2014) (715.7 ± 250 .1 U/L), however, in the present study, was not verified the same increase observed by these authors immediately after the first race (1283.9 ± 422.4 U/L). Muscle enzymes elevate rapidly and transiently soon after exercise, by physiologically increasing the permeability of muscle cells, proportional to the intensity of the exercise; on the other hand, late elevation indicates that the exercise promoted muscle damage, with a peak of CK between 3 to 6 h and AST between 12 and 24 h after exercise (THOMASSIAN, et al., 2007) . The results of the present study confirm the alteration due to increased permeability occurring within the physiological limits, but do not exclude the possibility of muscular injury. Sousa et al. (2014) evaluated the effect of the vaquejada exercise up to 24 h after exercise and did not observe an elevation indicative of muscle injury.
There was a significant difference (p < 0.05) between the groups for total proteins and serum albumin in M0, with higher values in G1. The median total protein was always within the normal range for vaquejada equines (6.0 to 8.0 g/dL), while albumin (2.5 to 3.8 g/dL) was discretely reduced in G2 (DIAS et al., 2013) , which may reflect deficient nutritional management for the degree of requirement of equine horses that compete regularly. Albumin increased (p < 0.05) in M2 in comparison with M0 in G2. Although not significant, there was also a slight increase in the concentration of total proteins after exercise in G2, this elevation of albumin reflects a loss of fluid during exercise. Lopes et al. (2009) did not observe a significant difference in the total proteins after vaquejada competitions. Later, Santiago et al. (2014) reported a protein increase after the simulation of a cycle of three vaquejada races in the pull and helper horses, and observed mild dehydration in the helper horse category.
In both groups, the animals had mean basal (M0) values of serum iron, UIBC, TIBC, and IST within the range of normal for the species, however the minimum values of the iron concentration of G2 were below the reference (120 a 210 µg/dL) (MACHADO et al., 2010) (Tab. 3), suggesting a deficient management in these animals in comparison with the degree of requirement. Serum iron concentration in horses may be influenced by several factors, including dietary availability and the presence of an inflammatory process that may lead to iron sequestration (ABRAMOVITC; PARRA; FERNANDES, 2014). A more intensive study to evaluate ferritin serum levels could elucidate the iron stores in these animals (MACHADO et al., 2010) . Serum iron, TIBC, and transferrin were not significantly different between the times or groups. However, there was a tendency of increase in serum iron concentration after exercise. When there is a real increase in serum iron, there is a concomitant increase in IST and a reduction in UIBC, which was not observed in the present study, as the IST remained constant. The increase in serum iron without IST alteration suggests a false elevation, which can be explained by hemoconcentration (MACHADO et al., 2010) .
Smaller IST values were observed at moments M0, M1, and M2 in G2 and higher UIBC was observed in M0 and M1, in comparison with the same G1 moments. These results confirm the lower concentrations of iron in G2, although there was no significant difference between groups for serum iron. The, higher iron demand in this group is suggested to be due to the greater participation routine in competitions and displacements over long distances.
These findings are, in part, similar to those of Abramovitc; Parra; Fernandes (2014) , who observed a decrease in serum iron and transferrin saturation, accompanied by an increase in TIBC 30 min after intense short-term exercise in horses competing in turf tests, and correlated this drop with an increase in the iron requirement in these animals.
Although G2 animals competed regularly, they demonstrated biochemical changes, suggesting insufficient physical conditioning and/or nutritional management for the degree of physical activity and transport stress, reinforcing the need for studies that develop training protocols and specific nutritional management for horses who compete in vaquejada.
The present study represents a picture of reality for the competitions in interior Northeast cities, and should be interpreted within the limitations of the lack of standardization of management among animals and differences in exercise intensity.
Studies with simulation of the vaquejada test exclude these biases, however, they do not represent the collective effects that occur in a real competition.
CONCLUSION
For horses used in the pull category, the vital parameters changed only as physiological adaptations, after a cycle of three runs in the vaquejada competition. The biochemical profile alterations were discrete, transiente, and within the physiological limits. Horses that competed regularly and underwent transportation showed more expressive biochemical changes, demonstrated mainly by higher values of uric acid and glucose after exercise, compared with horses that compete sporadically close to their place of origin. It is suggested that the management and training given to these animals are insufficient to meet the demands of athletic horses who compete regularly, thus, warranting further studies.
